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Aerodynamics for cars is strongly focused 
on drag reduction. As cars become lighter, 
they become more susceptible to unsteady 
events such as crosswinds, which are 
extremely difficult to reproduce in a wind 
tunnel. Engineering simulation software 
like STAR-CCM+® software can offer valu-
able insight into such phenomena. 

In the work presented here, a dynamic 
coupling was established between the 
computational fluid dynamics (CFD) simu-
lation in STAR-CCM+, vehicle handling and 
driver models in the MATLAB® environ-
ment, in order to represent the complete 
and realistic movement of the vehicle on 
its suspension system. This work was car-
ried out as part of the Programme for 
Simulation Innovation (PSI), led by Jaguar 
Land Rover and the Engineering and 
Physical Sciences Research Council 
(EPSRC).

The models
For the CFD simulation, the computer-
aided design (CAD) geometry of the 
DrivAer generic car model was used (figure 
1). This was developed at the Institute of 
Aerodynamics and Fluid Mechanics, 
Technical University of Munich, in order to 
facilitate aerodynamic investigations of 
passenger vehicles, bridging the gap 
between strongly simplified models such 
as the SAE and Ahmed bodies, and highly 
complex production cars. To be represen-
tative of real world applications, the model 
is full-scale and includes rotating wheels. 
About 20 million hexahedral cells were 
used (figure 2).

The MATLAB handling model was designed 
at Loughborough University for the univer-
sity’s six degrees-of-freedom (DoF), 
Stewart-type platform driving simulator. It 
is a comprehensive and realistic dynamics 
model that includes the full suspension 
system and driver’s response. When sub-
jected to a crosswind excitation, the vehi-
cle’s resonant frequencies may cause the 
driver to respond and either alleviate, or 
aggravate, the vehicle’s response. The aim 
of this research is to identify the frequen-
cies in which this happens in order to 
improve the vehicle’s crosswind stability.
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Figure 1: Initial simulations use the full-scale DrivAer model.

Figure 2: Dynamic overset meshing allows the motion of solid components within 
the fluid domain.



Coupling STAR-CCM+ with MATLAB
There are three main approaches to cou-
pling STAR-CCM+ with MATLAB:

• The first method involves calculating a 
set of steady-state solutions at different 
yaw angles in STAR-CCM+, and using 
interpolation methods to create a 
generic response to a crosswind. This 
response can then be input into the 
MATLAB model. This is probably the sim-
plest way to approximate the response 
to a crosswind

• The second way consists of running an 
unsteady CFD simulation; getting a tran-
sient history of the forces and sending 
them to the handling model

• The third method is fully coupled: 
Aerodynamic data from the CFD simula-
tion is sent to the handling model and 
the handling model gives back positional 
data at every time step (figure 3)

The first two methods are known as one-
way coupling: The system is open loop, so 
the response from the handling model is 
not fed back into the CFD, which could 
change the aerodynamics. A lot of 
research has been done on these two 
types of coupling, but using a closed-loop, 
fully coupled system is fairly new. It is yet 
to be determined whether the low cost of 
one-way coupling outweighs the inherent 
accuracy limitations, or whether full cou-
pling is needed for this type of simulation.

In this case, the direct coupling was 
achieved with the use of a Java macro to 
connect STAR-CCM+ to the MATLAB simu-
lation, permitting a data exchange at 
every time step. One considerable advan-
tage of this type of coupling is the ability 
to run a CFD simulation on a large high-
performance computing (HPC) system 
while the handling model in MATLAB is 
run on a local machine. This offers the 
opportunity to run part of the simulation 
on the other side of the globe, while con-
trolling the handling model locally.

Figure 3: Workflow diagram of the fully coupled 6-DoF simulation between CFD and a vehicle handling-dynamics model. 
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Building the ultimate simulation:  
an entire overtaking maneuver
Although yet to be performed, simulating 
an entire overtaking maneuver is built on 
the foundation of many preliminary tests. 
One of the first tests to be performed was 
to simulate simplified geometry respond-
ing to aerodynamic excitation using the 
overset mesh with an in-built 6-DoF 
dynamic fluid body interaction (DFBI) 
model in STAR-CCM+. Then the overset 
mesh zero gap interface was investigated 
to allow modeling of a contact patch 
between the tire and the road for a true 
rotating wheel. Another step involved the 
coupling with MATLAB for the simulation 
of a crosswind: To start with, only the side 
force and yawing moment were included, 
but gradually a transition was made to a 
6-DoF vehicle model that can roll and pitch 
on its suspension. Finally, a detached eddy 
simulation (DES) calculation with overset 
zero gap interface and direct coupling to 
MATLAB was performed, which needed 
four to five days of runtime (figure 4).

The results from the fully coupled simula-
tion were compared to their steady-state 
equivalents (see figure 4). The comparison 
highlighted the fact that the steady-state 
aerodynamics are unable to predict the 
unsteady flow features that exist during 
such an event, most notably the over and 
undershoots of the yawing moment as the 
vehicle enters and exits the crosswind.

Because the model is generic and fairly 
new, validation data, which tends to be 
specific to an existing vehicle, is still very 
limited. In addition, physical restriction 
makes wind tunnel testing of crosswinds 
extremely difficult.

Figure 4: Vehicle aerodynamic response: side force (left) and yawing moment (right).



Future considerations and conclusions
This research has demonstrated how to 
fully couple STAR-CCM+ and MATLAB in  
a comprehensive and realistic ground  
vehicle simulation. For the automotive 
industry, this means that tests, such as 
crosswind and overtaking maneuvers, 
could be virtually performed at a much 
earlier stage in the design cycle, allowing 
design weaknesses to be eliminated  
before physical prototypes are developed, 
saving time and reducing costs.

The next stage in this project will be to 
look at a complete overtaking maneuver, 
possibly with crosswind: Starting off with  
a vehicle placed in the wake of another, 
overtaking it and emerging on the lee side 
into the crosswind, where its response will 
be analyzed.

This work was supported by Jaguar  
Land Rover and the UK-EPSRC grant EP/
K014102/1 as part of the jointly funded 
Programme for Simulation Innovation. 
Calculations were carried out using the 
HPC-Midlands hera system.

Figure 5: Wake visualization in STAR-CCM+.
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